Background. Rural areas in Poland are inhabited by over 15 million people, i.e. 39.5% of Polish population, including about 5 million rural residents in the Podlaskie province. The incidence of obesity is associated with increased prevalence of obesity-related conditions. Studies that have been conducted do not confirm the efficacy of conservative treatment of obesity, but show that bariatric procedures produce the best longterm results.
Obesity is a multifactorial, progressive disease characterized by an excessive accumulation of adipose tissue. 1 According to the World Health Organization (WHO), the number of patients with obesity has increased globally, with a body mass index (BMI) > 40 kg/m 2 found in 400 million people. 2 Polish studies published in 2011 by the Central Statistical Office showed that obesity affects 16 .4% of the adult Polish population. The incidence of overweight and obesity is similar in urban and rural areas. Rural areas of Poland are inhabited by over 15 million people, i.e. 39.5% of the Polish population, including about 5 million rural residents in the Podlaskie province. 3, 4 The incidence of obesity is associated with increased prevalence of obesity-related conditions (e.g. type 2 diabetes, hypertension, hyperlipidemia, heart diseases, stroke, asthma, degenerative diseases of the spine, obstructive sleep apnea, depression). A shorter life expectancy (by about 20 years) as well as increased mortality confirm the extent of the problems in this group of patients. Management of patients with obesity requires cooperation among many specialists, including cardiologists, internists, diabetologists, psychiatrists and surgeons. 5, 6 Studies that have been conducted do not confirm the efficacy of conservative treatment, but show that bariatric procedures produce the best long-term results. 7 The current European recommendations for the surgical treatment of obesity indicate that a number of different techniques are available. Restrictive techniques involve a reduction in gastric capacity, limiting the amount of ingested food. The most common procedures include laparoscopic adjustable gastric banding (LAGB); vertical banded gastroplasty (VBG); and sleeve gastrectomy (SG). Methods for limiting absorption from the gastrointestinal tract reduce the duration of the digestion process, which results in fewer calories and nutrients being absorbed by the body. These procedures include jejunoileal intestinal bypass (JIB); biliopancreatic diversion (BPD); and duodenojejunal bypass (DJB). Combination techniques, such as Roux-en-Y gastric bypass (RYGB) and biliary pancreatic diversion with duodenal switch surgery (BPD/DS), reduce both the amount of food and the number of calories absorbed as a result of GI tract modification. 8, 9 Although the efficacy of bariatric procedures for obesity and concomitant disease control is supported by a number of studies, assessment of the role of these surgical techniques is insufficient. The prevalence and consequences of obesity in rural areas have been assessed in only a few studies worldwide. [10] [11] [12] [13] The aim of this study was to present the effects of bariatric obesity treatment (LAGB, SG and RYGB) on BMI, selected diabetes control parameters, dyslipidemia, hepatic and renal enzymes, blood count and hypertension control.
Material and methods
The study group comprised a total of 100 consecutive patients from rural areas (with up to 5,000 inhabitants) who qualified for bariatric procedures at the Medical University of Bialystok Clinical Hospital (Białystok, Poland) between January 2013 and December 2014. Two patients decided against undergoing surgery. The study group included 29 men (mean age 49 ± 11.4) and 71 women (mean age 45 ± 11.2). The patients' BMI was calculated during their first visit to qualify for surgery. The mean preoperative BMI was 47.15 ± 5.51 kg/m 2 , and mean body weight was 132.21 kg.
In 72% of the patients, health problems were the reason for seeking bariatric surgery. Comorbidities included 
Statistical analysis
The χ 2 test was used to assess correlations between qualitative independent variables. Normal distribution was verified using the Lilliefors test (an adaptation of the Kolmogorov-Smirnov test) and the Shapiro-Wilk test. To compare ordinal variables and quantitative variables with non-normal distribution, the nonparametric Mann-Whitney test was used in cases of 2 groups; in cases of more than 2 groups, the nonparametric ANOVA Kruskal-Wallis test with post-hoc analysis of multiple comparisons of mean ranks for all samples. To compare dependent variables, the Wilcoxon matched-pairs test was used in cases of 2 variables, and the Friedman ANOVA test in cases of many variables.
The results were statistically significant at p < 0.05. The statistical analysis was performed using STATISTICA v. 10.0 software (StatSoft, Tulsa, USA) and SPSS Statistics 21.0 (IBM Corp., Armonk, USA).
Results

Reductions in body weight
Most of the patients in the study group underwent SG (69.07%); 11.34% underwent LAGB, and 19.59% RYGB. The weight loss outcomes were assessed 3 and 6 months after surgery. The study group as a whole was assessed; outcomes in the LAGB, SG, RYGB groups and among the female/male participants were compared. Highly significant BMI differences (p < 0.001) were observed in the subsequent tests performed after surgery. Consistent, significant decreases in BMI were observed 3 months (39.31 ± 4.70) and 6 months (35.74 ± 4.52) after surgery. The largest BMI reduction at the 6-month follow up assessment was noted in the patients who had SG (12.29%), and the smallest BMI reduction was observed in those who had LAGB (9.02%). SG patients had a mean body weight loss of 24.17 kg and 35 kg after 3 and 6 months, respectively. A mean body weight loss of 18.5 kg after 3 months and 38 kg after 6 months was observed in RYGB patients. LAGB resulted in a body weight loss of 17.54 kg after 3 months and 28 kg after 6 months.
The time since surgery had significant (p < 0.001) effects on both %EWL and %EBMIL. The study considered a loss of at least 50% EWL in a year as a surgery-efficacy criterion, and this was achieved after 6 months in 44.59% of the LABG patients, 49.95% of the SG patients and 49.96% of the RYGB patients. The study considered a loss of less than 25% EWL as a surgery-failure criterion; there were no such cases in the study group. The results are presented in Table 1 . hypertension (35%), type 2 diabetes (52%), and hyperlipidemia (15%). Preoperative eradication was performed in 5% of patients due to the presence of Helicobacter pylori. Glucose, insulin, HbA1 C, alanine and aspartate aminotransferase, bilirubin, total and fraction cholesterol, creatinine, urea, uric acid and CRP levels, as well as blood count and blood pressure values, were assessed prior to surgery and during follow-up visits 3 and 6 months after the procedures. BMI was assessed, and the percentage of excess weight lost (%EWL) was calculated using the following formula: %EWL = (initial weight -current weight)/(initial weight -ideal body weight) × 100. Excess BMI loss (%EBMIL) was calculated with the following formula: %EBMIL=100-[(current BMI-25/baseline BMI-25) ×100].
Inclusion criteria for the surgery were age > 18 years, BMI > 35, at least 1 comorbidity (e.g. arterial hypertension, diabetes) and at least 1 conservative therapy attempt in the patient's history. Exclusion criteria were mental disorders, alcohol dependence, injury, surgery or hospitalization within the last month, cancer and/or genetic diseases.
Before surgery, all the patients received a written information package on lifestyle and eating habit changes required after bariatric surgery. The package was taken home by each patient to be used in the future. The Bioethics Committee of the Medical University of Bialystok approved the study protocol.
Blood specimen collection
Blood specimens (10 mL) were collected after 8 to 12 h of overnight fasting. The specimens were collected from the forearm area by qualified medical personnel and were immediately transported to the analytical laboratory, where they were analyzed.
Surgical procedures
Laparoscopic adjustable gastric banding (LAGB) was performed by placing a silicone band around the upper part of the stomach. The diameter of the band was controlled by a liquid feed through a port implanted under the skin above the left costal arch and connected by a drain with the band. The band divided the stomach into 2 parts: an upper part, with a volume of about 25-40 mL, and a much larger bottom part.
Sleeve gastrectomy (SG) involved a total laparoscopic vertical resection of the stomach from the greater curvature.
The Roux-en-Y gastric bypass (RYGB) consisted of 3 stages: gastric reduction, gastroenterostomy, and an intestinal anastomosis of the enzymatic loop with the alimentary loop, all procedures performed laparoscopically.
Patients undergoing LAGB were discharged after 2 days; those undergoing SG were discharged after 4 or
Diabetes
In the study population, 51 patients were receiving treatment for type 2 diabetes, with a mean diabetes duration of 2.0 to 12.5 years. LAGB was performed on one of these patients, SG on 38 and RYGB on 12. Blood glucose levels of < 1 00 [mg/dL] and HbA1c levels < 6.5% were considered normal, in accordance with the National Institutes of Health guidelines. 14 Highly significant differences (p < 0.001) were observed in blood glucose levels in subsequent tests. The mean preoperative glucose levels (120.55 ± 39.19 mg/dL) were higher than the mean glucose levels 3 (101.58 ± 21.92 mg/dL) and 6 months (98.16 ± 12.30 mg/dL) after surgery. The patients' mean insulin levels decreased from 13.69 ± 5.61 mU/L before surgery to 11.40 ± 3.07 mU/L 6 months after. The mean preoperative HbA1c was 6.98 ± 0.68, and it significantly decreased (p < 0.001) after surgery, to 6.87 ± 0.52 after 3 months and 6.65 ± 0.37 after 6 months. Insulin resistance (IR) assessment was performed using homeostasis model assessment (HOMA) and quantitative insulin sensitivity check index (QUICKI), calculated based on the basis of serum glucose and insulin levels. 15 A significant decrease (p < 0.001) in HOMA IR, which was 4.84 ± 2.59 prior to surgery and 2.87 ± 0.80 6 months after. The QUICKI index stabilized at 0.24 ± 0.01 6 months after surgery ( Table 2) .
The levels of different laboratory findings in men and women were analyzed. Reduced insulin and HbA1c levels, as well as changes in HOMA IR and QUICKI, were found in both groups, but the differences were not statistically significant. Glucose levels were found to be sig-nificantly higher in men than in women, both prior to surgery as well as 3 and 6 months (p < 0.002) after. The data are presented in Table 3 .
Hypertension
The study population included 23 patients diagnosed with and being pharmacologically treated for hypertension. Hypertension was defined as mean systolic blood pressure greater than 139 mm Hg and/or diastolic blood pressure higher than 89 mm Hg. The classifications of hypertension proposed in the 2003 ESH/ESC Guidelines were used for the group of patients included in the 6-month blood pressure follow-up. 16 The time elapsed since surgery was found to have significant effects (p < 0.001) effects on mean systolic and diastolic pressure. The mean preoperative systolic blood pressure was 140; 3 months after surgery it was 137, and 6 months after surgery it was 129. Mean diastolic blood pressure in the perioperative period was 89; it was 86 3 it decreased to 34.11 ± 18.78 Ul/L after 3 months, and to 23.34 ± 11.53 Ul/L after 6 months (p = 0.001). The analysis of bilirubin levels showed a decrease at the 6-month follow-up, but the difference was not statistically significant ( Table 5 ).
Renal parameters
No differences were found between the mean preoperative level of uric acid (5.43 ± 1.28 mg/dL) and the level 3 months after surgery. However, a significant decrease to 5.08 ± 1.27 mg/dL was noted after 6 months. The analyses of creatinine and urea showed no statistically significant differences ( Table 6 ).
Blood counts
Complete blood counts showed a highly significant difference (p < 0.001) in WBC levels. The mean preoperative WBC level did not differ from the level observed 3 months after surgery, but a significant decrease from 7.45 ± 2.17 to 6.57 ± 1.47 was noted at the 6-month follow-up. Other blood count parameters (RBC, hemoglobin and platelets), remained unchanged (Table 7) .
C-Reactive protein (CRP)
The mean preoperative CRP level in the study group was 9.15 ± 9.92 mg/L, which increased to a mean of 9.29 ± 11.89 mg/L 3 months after surgery, then decreased to a mean value of 8.58 ± 12.36 mg/L 6 months after surgery. These changes were not statistically significant. months after surgery, and 82 6 months after surgery (Fig. 1) . The surgery type had no significant effect on changes in blood pressure.
Dyslipidemia
The basic assessment of patients' lipid profiles involved an assay of total cholesterol, LDL and HDL cholesterol, as well as triglyceride levels. Statistically significant differences (p < 0.001) in total cholesterol levels were noted. The mean preoperative levels (207.35 ± 33.60 mg/dL) were significantly higher than the findings at the 6-month follow-up. A statistically significant correlation (p < 0.001) was found between time and the change in the fractions of HDL and LDL cholesterol. Mean HDL was 50.09 ± 5.74 mg/dL prior to surgery, 52.48 ± 4.92 mg/dL 3 months after surgery, and 55.66 ± 4.44 mg/dL after 6 months. Mean LDL was 175.00 ± 26.65 mg/dL prior to surgery, and it decreased significantly (p < 0.001) to 165.41 ± 4.66 mg/dL 6 months later. Mean triglyceride levels of 175.00 ± 26.65 decreased to 161.24 ± 11.72 3 months after surgery, and to 101.24 ± 13.68 after 6 months (p < 0.001) ( Table 4 ).
Hepatic parameters
The 2 hepatic enzymes assessed -i.e. aspartate aminotransferase (AST) and alanine aminotransferase (ALT)showed significant differences in the subsequent follow-ups. The mean preoperative AST level was 34.11 ± 18.78 Ul/L; it decreased to 22.18 ± 10.21 Ul/L after 3 months, and to 21.80 ± 8.78 Ul/L after 6 months (p = 0.002). Similarly, the mean preoperative ALT level was 34.11 ± 18.78 Ul/L;
Discussion
Currently, obesity is a major public health concern due to the number of correlations with chronic diseases. Although obesity affects a large proportion of the entire population, an increase in the incidence of obesity has been observed in rural areas. This issue has been highlighted by research conducted in Poland, the US, India, and China. 3, 13, 17, 18 It could be the result of rural residents adopting unhealthy habits that previously were present primarily in urban areas (e.g. frequent TV watching, low physical activity, high-calorie meals). The number of women with obesity is somewhat higher than the number of obese men, which was confirmed by the present study (29% men, 71% women).
A study by Gajewska et al. shows the 2008 rates of hospitalization in Poland that were due to obesity, and took the place of residence into consideration. 19 The study found that treatment was undertaken more frequently by urban than by rural residents (19.9 vs 14.4 per 100,000). Bariatric procedures represent one of the options in the treatment of obesity. These procedures require a skilled surgical team, the involvement of many specialists, and should be performed in referral centers. Patients need to be aware that surgery does not mean treatment is completed; they must understand that they are expected to cooperate in terms of lifestyle and diet changes, as well as regular follow-up visits. Socio-economic factors may prevent rural residents from maintaining long-term bariatric monitoring.
The laparoscopic technique is presently used for the majority of bariatric procedures. Restrictive LAGB and LSG procedures do not result in significant malabsorption and show high efficacy for weight loss. [20] [21] [22] All 3 types of procedures used in the present study were performed laparoscopically by the same surgical team at the Medical University of Bialystok Clinical Hospital.
LAGB is a reversible method, and does not require nutritional supplementation in the postoperative period. The efficacy of LAGB and LSG was compared among US patients with severe obesity by Varela, who concluded that although both surgical techniques were safe and effective, LSG ensures greater weight loss over a 2-year follow-up period. 23 The RYGB technique combines limited gastric capacity with reduced absorption, and therefore has a high efficacy. This type of surgery leads to anatomical alterations, frequently irreversible. Several studies have assessed the use of RYGB and compared its outcomes with those of other bariatric procedures. [24] [25] [26] [27] RYGB was shown to very effectively reduce body weight; however, a higher incidence of complications associated with anastomotic leakage, pulmonary embolism, deep vein thrombosis, as well as frequent wound infections and postoperative hernia was observed. In the present study, the patients were qualified for the procedures on the basis of the current guidelines and a number of tests developed by a specialist panel, as well as consultations and each patient's personal commitment. 28 The possibilities for continuing follow-up visits at the referral center were evaluated in detail, taking into account the oftendistant places of residence of those in the study group.
Comparative studies conducted in a number of bariatric centers indicate that SG and RYGB result in greater weight reduction than LAGB. [24] [25] [26] [27] The present study obtained similar results. The largest BMI reduction at the 6-month follow up was observed for SG (12.29%), and the smallest BMI reduction was observed for LAGB (9.02%). The patients who qualified for SG had a mean preopera- These results indicate a correlation between the time elapsed since the surgery and the reduction in body weight. Other studies have shown similar results after a longer follow-up period. [24] [25] [26] [27] [28] Earlier studies have shown a marked improvement and normalization of parameters assessing diabetes control following bariatric treatment. 29, 30 The present study assessed only SG and RYGB in this respect, because LAGB was used in only 1 patient with type 2 diabetes. A statistically significant reduction (p < 0.001) in insulin and HbA1c levels was noted at the 6-month follow-up. Statistically significant reductions (p < 0.001) in HOMA IR (from 4.84 ± 2.59 to 2.87 ± 0.80) and altered QUICKI index (from 0.22 ± 0.02 to 0.24 ± 0.01) were also observed. Type 2 diabetes remission was observed in patients after both SG and RYGB. The effect of lower caloric intake following surgery was considered one of the mechanisms involved in the rapid decrease in insulin resistance. Limited food intake can result in plasma glucose and insulin normalization even prior to weight loss. The so-called surgical impact, i.e. postoperative stress inducing the release of catecholamines, which may inhibit insulin secretion, could also play a role.
In the same teaching hospital where the present study was conducted, Hady et al. assessed the effects of LAGB on concomitant type 2 diabetes in 100 patients, based on a 6-month follow-up period. 31 Parameters such as insulin and glucose levels, as well as HOMA IR were assessed. LAGB was shown to improve patient health status and normalize type 2 diabetic parameters.
In relation to cardiovascular risk, the present study showed a significant increase (p < 0.001) in HDL cholesterol levels, from 50.09 ± 5.74 mg/dL prior to surgery to 55.66 ± 4.44 mg/dL 6 months after the procedure. Furthermore, significant decreases (p < 0.001) were noted in total and LDL cholesterol, as well as triglyceride levels. Similar results were obtained by Hady et al. for LAGB after a 6-month follow-up period, with a significant improvement in the lipid profile, decreased total and LDL cholesterol, as well as lowered triglyceride levels. 31 A 3-month observation conducted by Waldmann et al. following SG procedures showed an approximate 20% reduction in TG and slightly decreased HDL cholesterol levels. 32 A review of 26 studies assessing the outcomes of bariatric procedures over a 2-year follow-up period performed by Al Khalifa et al. showed resolution or improvement of hyperlipidemia in 83.5% of the patients. 33 Benaiges et al. found less improvement in hyperlipidemia in SG patients (75%) than in patients who had undergone RYGB (100%). 34 According to those authors, the reduced LDL cholesterol levels observed following RYGB may be associated with the malabsorption induced by this surgical technique. A large amount of data support this hypothesis. 2 There are studies that support the positive effects of bariatric surgery on non-alcoholic hepatic steatosis through bodyweight reduction and metabolic syndrome improvement. 35 The present analysis shows a significant improvement in parameters representing risk factors for this disease. Statistically significant reductions in hepatic enzymes were noted, regardless of surgery type: ALT (from 34.11 ± 18.59 to 23.30 ± 11.41; p = 0.002), and AST (from 26.01 ± 11.37 to 21.81 ± 8.65; p = 0.001).
Some studies indicate obesity and RYGB as risk factors for urolithiasis and other urinary conditions. Maalouf, et al. confirmed an increased tendency to urolithiasis following RYGB. 36 In the present study, a decrease was found in uric acid levels during the 6-month follow-up (from 5.74 ± 3.31 to 5.34 ± 2.79).
Basic blood counts confirmed decreased WBC levels at the 6-month follow-up (7.48 ± 2.17 vs. 6.56 ± 1.46), which was statistically significant (p < 0.001). No statistically significant changes in CRP levels were noted during the 6-month follow-up period, although reductions were observed. The short (6-month) follow-up period was a limitation of the present study.
Conclusions
The present study confirms the positive effect of bariatric procedures such as LAGB, SG and RYGB on body-weight reduction over a 6-month follow-up period. Improvements were also found in the general health status of the patients, as well as normalization of metabolic parameters (glucose, cholesterol, triglycerides, hepatic enzymes).
Although LAGB, SG, and RYGB are safe procedures with similar weightloss outcomes, LAGB or SG may prove to be better options in rural patient populations due to the complexity of the RYGB procedure and potential nutrition-related complications following RYGB. Surgical techniques should be individually chosen for each patient; the distance of the patient's place of residence from the treatment facility and the patient's difficulties in participating in an outpatient monitoring program following bariatric surgery should be considered when qualifying patients for bariatric procedures.
